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Foreword

During the summer and fall of 1964, HRB Speclal Committee No, 8 con-
tacted the 50 state highway departments of the United States concerning the
possession and use of nuclear equlpment., The purpose of the questionnaire
was to determine the present status of thils relatively new facet of highway
engineering, All 50 state highway departments answered the questionnalre,

Requests for informatlon pertaining to current and past nuclear research
and development projects were also Included in thils query as well as questions
on personnel such as number of people engaged in nuclear work, salaries, and
training, The following 1s a narrative on the results of the 1964 questionnaire,

Number and Type of Nuclear Testing Systems Possessed

Seventy-four percent of the state highway departments are engaged in
nuclear testing either on a field control or resesrch basis or both,

A total of 150 surface moisture-density testing systems were reported
as being in the possession of 37 state highway departments. (The word "sys-
tems" in this case means a combination of scaler and probes for a particular
testing purpose.)

The Pennsylvania Department of Highways leads in this category with 31
systems, Illinois and Texas tle for second place with 11 each and Colorado
1s third with 10,

Nineteen asphalt density probes are operated by 11l states with the lar-
gest number (5) in New Mexico., Only 2 states reported using nuclear probes
for asphalt content determination; Colorado has 2 and Oklahoms has 1,
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Ten state highway departments have a total of 10 nuclear depth systems.
Three hundred seventy-four individual pieces of nuclear equipment
(scalers and probes) were reported as being in the possession of the 37 de-

partments having nuclear equipment.

Specification and Non-Specification Usage

Twenty-four percent of the state highway departments reported using the
surface moisture-density nuclear equipment they possess for specification
material control. These 12 states are: Arkansas, Colorado, Connecticut,
Illinois, Maine, Maryland, North Dakota, Oklahoma, Pennsylvania, Rhode Island,
Wisconsin, and Wyoming.

Two of these 12 states (Colorado and Connecticut) reported using nuclear
asphalt density probes for specification material control.

Thirty-four percent of the states reported the use of surface nuclear
probes for non-specification check for uniformity of moisture content and
density. New Jersey checks for density uniformity only when using the nu-
clear equipment.

Taking into consideration the number of nuclear devices listed by the
50 state highway departments and their reported usage, it is obvious that no
state has yet converted wholly to nuclear testing.

Nuclear Personnel Data

Two hundred twenty-six persons were reported engaged in nuclear work
in the 50 state highway departments, This should be considered a conserva-
tive figure since not all 50 states submitted data concerning personnel having
assignments pertaining to nuclear work. On the other hand, many of the 226
positions reported were on a part-time basis.

Monthly salaries ranged from a low of $260.00 to a high of $1166,00.
The mean salary was $524.00.

Thirty-four persons engaged in nuclear work are graduates of the Oak
Ridge Institute of Nuclear Studies, Oak Ridge, Tennessee. ORINS sponsors
courses in nuclear technology for highway engineers. These 34 persons came
from 24 states. Michigan has the largest number of ORINS graduates with U,

Twenty state highway departments expressed interest in sending partici-
‘pants to the 1965 ORINS Highway Engineers Course to be held in Oak Ridge,
Tennessee, March 29 through April 16.
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Research Projects on Nuclear Testing

The 1964 nmuclear questionnaire results indicate the California Divie
sion of Highways is the leader among highway departments 1n the area of re=~
search projects concerning nuclear applications. Of a total of 9 research
projects reported on, 5 are complete and 4 are underway. Eight of these
9 projects concern moisture and density gauging in either the field or the
testing laboratory and 1 research project (completed in November 1962) in-
vestigated the feagibility of the use of radioactive materials for the il-
lumination of highway signs. California is the only state highway department
to undertake such a research project to date according to the questionnaire.

The Michigan State Highway Department has completed 3 nuclear research
projects. One concerned moisture-density testing, the second project per-
tained to concrete mixer efficiency, and the third was a project concerned
with ailr content determination in hardened concrete by nuclear means.
Michigan is presently continuing their research endeavors in the area of
moisture-density determinations by the nuclear method.

Other highway departments currently engaged in nuclear regearch proj-
ects on molsture-density testing are: Alabama, Florida, Hawaii, Idaho,
Louigiana, Montana, Oklahoma, Oregon, So. Carollna, Utah, and Virginia,

The following states are engaged in or have completed research projects
involving nuclear asgsphalt density determinatlions: Alabama, Colorado, Florida,
Illinois, Oregon, Utah, and Virginia.

Asphalt content determination by nuclear means is being investigated by
Colorado, Florida, and Oklahoma.

To summarize the regearch efforts, 52% of the state highway departments
have been or are engaged in nuclear testing research projects as of 1964,
Of these 26 states, 19 are engaged in or have been engaged in laboratory re-
search and 25 are conducting or have conducted field research, Fifteen
states had nuclear research projects underway during 196k,

Of the 26 states concerned with research, 17 researched the moisture-
density phase in the laboratory and 21 researched this aspect in the field.
Six states have concerned themselves with asphalt density research in the
laboratory and 9 have researched thig subject in the field.

Results of 1962 HRB Nuclear Questionnaire

In 1962 the Highway Research Board Ad Hoc Committee on Nuclear Methods
of Measurement composed a questionnaire concerning use and interest in appli-
cation and research aspects of nuclear methods. (This Ad Hoc Committee was
the forerunner of HRB Special Committee No. 8.) The questionnaire was distri-
buted to some 384 appropriate govermmental and educational agencies including
the state highway departments, the civil engineering departments of education-
al institutions, and miscellaneous agencies. The following 1s a brief nar-
rative on the 1962 questionnaire results.



wc I =

Of the 384 agencies contacted, 234 replied to the ques@ionnaire. This
included replies from 43 of 50 state highway departments, 86 of 138 educa-
tional ingtitutions, and 105 of 196 miscellaneous agencies.

State Highway Departments (1962)

The answers to the questionnaire by the state highway departments indi-
cated that 6 of the 43 were using nuclear methods for control of routine
construction activities. All 6 were using nuclear gauges for both moisture
and density determinations in connection with compaction control of soil.
Only 2 were using nuclear equipment for the determination of asphalt content
and density of asphaltic concrete. Twenty-four of the 43 answering highway
departments had conducted or were conducting evaluation studies of nuclear
gauges to determine if they could be used for routine testing, This includ-
ed all 6 of those using nuclear methods for control of routine construction
activities.

Among the reporting state highway departments, 24 had completed or
initiated a total of 33 studies, investigations or research projects concern-

ing the use of nuclear methods for highway engineering purposes.

FEducational Institutions (1962)

Sixteen University Civil Engineering Departments answering the 1962
questionnaire had nuclear equipment available for use. Two of these had
developed their own nuclear gauges and the other 14 had commercially avail-
able gauges. Ten of these universities were engaged in evaluation studies
of nuclear gauges to determine if they could be used in routine testing.

Six of these were evaluating the gauges for quality control of soil, three
for quality control of asphaltic concrete and one for both. Other materials
on which nuclear gauges were being used by civil engineering departments of
universities included portland cement concrete, concrete slurries, and granu-
lar base course materials. Among the reporting univergities, 15 had started
or completed a total of 4h4 studies or research projects concérning the use of
nuclear methods for civil engineering purposes.

Migscellaneous Agencies (1962)

Agencies other than state highway departments and universities to which
the questionnaire was distributed included large city public works depart-
ments, state water resources departments, various divisions of the Bureau of
Reclamation, various districts of the U. 8. Army Corps of kngineers, divi-
gsions of the U, S. Dept. of Agriculture, Forest Experiment Stations, U. S.
Geological Survey, and miscellaneous utilities and associations. The ques-
tionnaire was sent to 196 such organizations of which 105 submitted replies.
Of these 105, 32 had used or were using nuclear instruments. Twelve of the
32 were using nuclear gauges for moisture content and density determinations
in-connection with routine compaction control of soils. Only one was using
nuclear gauges for routine control of density of asphaltic concrete.
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In addition, 14 agencies were conducting evaluation studies on commer-
cially available nuclear gauges to determine if they could be used in routine
tests for soil moisture. Twelve of these 14 were also evaluating nuclear
gauges for use in routine tests for soil density. ©Six of the 14 were pre-
viously noted as using nuclear gauges on routine compaction control of soils.
Only one agency stated that they were running evaluation studies on a nuclear
gauge for determination of density of asphaltic concrete,

Six other agencies were using nuclear gauges for routine testing and
research and five others for evaluation studies in connection with such ap-
plications as moisture content of soils for agricultural vurposes, moisture
evaluation in watershed hydrologic studies, soils moisture and evaporation
in forest stands, and moisture content and density of coal. Other materials
for which nuclear gauges were being evaluated included soll cement and gran-
ular base and subbase materials. Only 8 of the 105 reporting miscellaneous
agencies had conducted, initiated, or planned to conduct research on the
application of nuclear methods, and only 4 of these research projects were
applicable to highway engineering purposes.

In summary, the answers to the 1962 questionnaire indicated a consider-
able interest among highway departments in nuclear methods. Eighty-six per-
cent of the highway departments responded to the questionnaire, and 56 percert
of these were either using or evaluating nuclear gauges. The answers to the
questionnaire show further that although there is considerable interest, the
acceptance by state highway departments of nuclear devices produced for pur-
poses relating to the highway engineering field had been slow.

The replies to the questionnaire show a legser degree of activity and
interest by educators than by highway engineers in nuclear methods as related
to the civil engineer, Sixty-two and three-tenths percent of the civil engin-
eering departments of universities contacted answered the questionnaire.

Only 19 percent of those answering had nuclear equipment for either use or
evaluation. Only a few of those not using nuclear equipment expressed any
interest in it. This would seem to point up a need for a program to at least
acquaint the educator with advances in nuclear science as related to the civil
engineer,

1962 - 1964 Comparison

The following statements are submitted as a brief comparison of the
status of nuclear testing in 1962 and 1964:

1. The number of state highway departments engaged in nuclear testing
for either field control or research rose from 56 percent in
1962 to T4 percent in 196k,

2. Fourteen percent of those state highway departments answering
the 1962 questionnaire used the nuclear devices in their pos-
session for routine compaction control, whereas, this figure
had increased to 24 percent in 196L,
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Despite the increase in research and usage of the nuclear
method, there still exists a certain reluctance to fully
accept the nuclear method for quality control. This seems
to point up the fact that improvement in both the instru-
ments and methods of use as well as a decrease in equipment
costs should be made before there 1s a general acceptance
of the nuclear gauges.

There is a definite lack of research and development in the
field of nuclear applications for purposes other than can-
paction control. These fields include radiography, self-
luminous signs, groundwater tracing techniques, cement and

asphalt content determinations, and tracer studles on optimum

mixing times for both portland cement concrete and asphalt
concrete,
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NUCLEAR PRINCIPLES AND APPLICATIONS
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Dr, C. Page Fisher, Department of Civil Engineering, North Carolina State
College, Ralelgh, North Carolina

Dr, Robin P, Gardner, Research Triangle Institute, Durham, North Carolina

Prof. William H, Goetz, Joint Highway Research Project, Purdue University,
Lafayette, Indiana

Dr. Hamilton Gray, Chairman, Department of Civil Engineering,
Ohio State University, Columbus, Ohio

George L. Hinueber, Association of American Railroads, Chicago, Illinois

C. 8, Hughes, ITI, Virginia Council of Highway Investigation and Research,
University of Virginia, Charlottesville, Virginia

H, W. Humphres, Construction Engineer, Washington Department of Highways,
Olympia, Washington

Harry D. Richardson, Director, Nuclear Science Center, Loulsiane State
University, Baton Rouge, Louilsiana

Dr. Arnold E, Schwartz, Department of Civil Engineering, Clemson College,
Clemson, South Carolina

Preston C, Smith, Principal Research Engineer (Soils), Materials Division,
Bureau of Public Roads, U. S. Department of Commerce, Washington, D. C,

Peter C, Todor, Florida State Road Department, Gainesville, Florida

Man Mohan Varme, Assistant Professor, School of Civil Engineering,
Tufts University, Medford, Magsachusetts

William G. Weber, Jr., Senior Materials and Research Engilneer,
California Division of Highways, Sacramento, California

Valentin Worona, Supervisor of Instrumentation and Nuclear Testing,
Pennsylvania Department of Highways, Harrisburg, Pennsylvanisa

Prof. Eldon J. Yoder, Joint Highway Research Project, Purdue University,
Lafayette, Indiana



sax  [IVMVH
ON VMSVIV

S3lVIS Ll VIOL

@314 3IHL NI ALIWYO4INN 404 MO3HO
NOLIVOId4IO3dS-NON H04 d3sn S30IA3Ad "V3ITIONN



T |IVMVH
T UASVIV

\\_ | S |y |
= b VT T ! WYV

FRUEVD S / L vio

VO N T e ! — i e ]

.................... G e
M NV “
Y e
_ [
N 3N !
W.....I.]\q)ll, IIIIIIIIII III__
. |
—m i 1
i |
“_ !
L i RN T OHval |
«__.ll illl|m.|ril\llqlln A \_ _
,_, | - / e le)
1 |
| _ A T e
) Mva N !
H ]
|

OGSl 1vliOL
3SN NI SW3LSAS A/W 30V4HNS HVITTONN



IVMVH
VISVTIV

| 2]
=

ON

S3IvlS 2| VIOl

d13l4d 3HL NI TTOH4LNOO TIVIH3LVW
NOILVOIdID3dS HO04 d3sn S30A3A YV3ITIONN



SNINO $3.1YNaves 3oNvY | 13nNosHEd AVMNIONN | LNILNOO 07%| N30 LivHasy a-n ANILNOD ‘DY [NIO LIVHAEY a-n N3O LWhgEY a—W ALisNaa [ a3sval s3E0Nd s3g0ud SW3LSAS | SW3lsAs
s96l N SNINO Ayvvs | @vaTonN AULN3¥YNG | HOHYESIM | HoMy3s3y | HOMYISIH | HOMY3SIW | HOMYISIM HOMY3SIY 08 LNOD T04LNOD LIVHdSY HO3HD §301A30 AN3LNOD AlSN3a 0-N (]
Q315343LNI 40 ON ATHLNOW 40 ON HOYY3S3aH (R EP] [yEIF} a13id av1 av1 av1 NORANS( 419345 | MOLYHAD345 | 93dS—NON |  03dS-NON ¥y319NN 1YHdSY LHdSY H1d30 3ovauns
2G|
AYVIVS
03 be V3R 923 e} € 6 2 € 9 A [ al £ 9l 8 £ 6l Ol 03] Sv10L
X X L ONINOAM
X I 606-6¢b 6 X X 8 NISNOOSIM
aNoN NOLONIHSYM
X 2 0001-00t S X | € VINI9HIA 1S3M
| 006-00€ g X X X | 4 VINIDYIA
X ANON 1NOWH3A
68¢ -8¢C¢ 14 X X X X X X 1 | | HYLN
G29-6.¢ I SVX3aL
1 Ehon J3SSINNIL
X ANON ViOXMYAQ HLNOS
v X X X 1 UNITIOMVD HLNOS
X X € ONVISI 300HH
X 2 008-00¢ 2s X X X X 2 I Ie VINVATASNNId
1 SlL-08Y 2 X X X X X X | | I NO93MO0
X 069 -0Ov v 9 X X X X X » X X 2 | 9 VWOHVYIMO
X | 099-00§ ] X 14 OIHO
X I SL6 2 X X | V1OMVQ HLIYON
I 009 -0¢e 4 X 4 VNITOMVYD HLYON
X BHOR MHOA M3N
X 06.-02b [¢]] X X 1 g OOIX3IW M3N
X 96G-8GP 2 X ANG Hag I A3sy3r M3N
3NON JUIHSAWYH M3N
X AHON, VAvVA3IN
| | 1 YISVHE3N
| 0SS | X X X | YNVLNOW
| NON 14NOSSIN
X 2 aNoN I1ddISSISSIN
ANON V1OS3INNIN
X v 000I-€.¢ 6 X X X X 4 NVOIHOIN
X 0SS-00v o] X X X X ] ANVIAYYN
| 92¢-893 2 X | 2 3NIVIA
2 ANON SL113SNHOVSSYN
! € X X X | . VNvISINOT
X X X | 1 ANONLNIN
X X | | SUSNYX
X | X X 1 VMOl
% X X e YNVIONI
€ 0S.-00v H X X X X I | 11 SIONITI
| 186-~-20S | X X | OHval
X 008-00% 14 X X X X | IIVAMVH
X ANON VION039
| 002-0932 S X X X X X X X X K 2 vaiyod
| AN ECVAAEL]
L0.-80¢ 8l X X X | ] 1NOILO3INNOD
| ¢08-60Y e X X X X X X X X X 2 € | [o]] 0avy0100
2 99||-€9% el X X X 14 | 4, VINYO4ITvD
X | SYSNYIMNY
0S.-0S€ e X X 2 VYNOZIYV
| HISVIV
I 009~-00b 2 X X X X X | | | VAVEvIv
f) SATNTRIVIRY [T 0 9V = TiViaEY L] W30 LipHaEy TN AIENI0 T CECER] FI008 £3804a - T T
c96l N SNINO AHvIYS HY3IONN AIUNIHHND  HOMYES3M  HOWY3SIH  HOMVASIM  HOMVISAM  MOMV3S3M HOHVISIH OMINOD T041NCD LWHdSY 393HO S301A30 ANIINOD AlisNIa a-A a-n
Q3LSIYELNI 40 ON ATHINOW 40°ON HOYY3S3Y a3 al3d [REF] avl avi av NOILYJIJIDAdS NOILYJIHIO3dS 0345 —NON 03dS—NON HY3T0NN LIVHdSY AVHdSY Hld30 30vaHns

SLININLYVH3IA AUVMHOIH 'SN NOYd 3IJHIVNNOILSAND dVY3TONN 961 40 S1INS3H 40 NOIWVINGvL

8 ON 3IFLLIAWWOD TTVIDIdS Qyvod HOYV3IS3IH AVMHOH





